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I. INTRODUCTION

Aviation fuel contamination traditionally manifests itself in some form of in-flight
malfunction. or. at best. in power loss el" startup malfunction during grouwl operations. The
purpose of all engine/fuel specification requirements is to minimize the likelihood of fuel-relat~ed
incidents. Requirements can become more severe and less realistic with time to the extent
that pass/fail criteria may be challenged by either fuel refiners or engine/componont manufac-
turers. This process of challenge and review of requirements often proves beneficial to both
industrial and military interests who share a common goal of maximum systems performance
at minim umn cost.

Tie contaminant pack- TABLE I lU-L CONTAMINANT PACKAGE FOk AV-E859311

age l'or test fluids used in ENGINE COMPONENT QUALIFICATION TESTING

aviation gas turbine etnginc Ce tajninnt Particle sli.e, Quantity,

coin ponentt and systells jnm gmna? g1 i I
qualification testihti, undcr Ferrou%-Ferric lion Oxide (I-5 14 0
AV-E-85 03 B has conmc tFc,o.. tIh ck -c.Ih.",

under some critiismn for Magnetite)

being unrealistically severe. Ferric Iron Oxide 0-5 14.5

This in itself would (Fe^,, Ictlialite)
not be grounds for relaxa-
tion of contaminhant size Ferric lion Oxide 5-10 1.5

type criteria since qualifica- (FeO,, lic) '30)

tion testing must be severe Crushed Quartz 150. 300 1.0

to provide acceler::ted Crushed Quartz 300. 420 1.0
Crushed OQUartZ 420-10(010 1.75"represenltation of corn- Crushed Qua:rt; 1000.1500( 0.25

ponent life expectancy. A (4)1

more pertinent and signifi-
Prepared dirt conlformiing Mi.lure as follows:cant question is whethler or toA.Spr lg .(.0*
to A.C. Spark Plug Co. (8.01*

not the AV-E-8593B con- Part No. 1543637 (0-5 (12%j

taminant package (see (Coars Artitra road dust) 5-1(o(1 2%)
10-20 (14%)Table 1) ib now repr•ota- 2(1(14%) %-2040 o 2k3%),•

tive of the type of con- 40-R0-Rtvo

taminants encountered in P11-2(( (9%)
field Army aviation opera- ttins snc tispakae as Colton linters Prime cotittn linters. 0. 1
tions, since this package has First Cut Staple No. 7
evolved over the years with (U.S. Department of

ingredients being added as a Agriculture Geraidnt

result of specific military Standards) asground
in a Wiley Mill and screened

occtlrrences or operating through a 4 rain screen
environmlen ts.

Crude nwpthenic acid 0.03% by v'!

Thus there is a basis Salt water prepared by 4 parti 0.O 1% by
for a dual arguLnent, qtlan- dissolving sal in by weight of NaCI vol entrained

tity and character. for re- distilled water OTr tiher

definition of this contani- waore than 200 iiarts per by weight of 11,0 s

tia n t test package. Such million ttotalsolids.

action. however, should be
b a s e d LpOn ex ct Suboal

7 _ _ _
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knowledge of the spectrum of contaminants actually encountered by Army aircraft under realistic
conditions. A reasonable approach was to collect representative fuel samples during both routive
and intense operational situations. During May 1976-March 1977, representatives of the U.S.
Army Fuels and Lubricants Research Laboratory (AFLRL) collected and analyzed some 219
samples from seven diverse Army aviation activities. One of these, at Ft. Hood, Texas, may be
considered more-or-less routine, while the others were the sites of intense training operations. These
are detailed in Tables 2 through 13 in Section IV, In addition to aircraft samples, it was considered
pertinent to obtain samples at key points in the fuel supply systems (e.g., underground storage
tanks, tank trucks, railcars, etc.).

I.I
II

If

II

So

.. ...
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II. FIELD SAMPLE COLLECTION

In April 1976, formal permission was secured from Headquarters, Forces Command
(FORSCOM), Fort McPheison, Georgia, to collect JP-4 fuel samples from aircraft and other fuel
!zupply points participating in the following exercises held during 1'976-1977:

SOLID SHIELD
BRAVE SHIELD XIV
BR! VE SHIELD XV
REFORGER*
GALLANTr CREW

In addition, coordination with cognizant audt.orities at Fort ttood, Texas and Fort Bliss, Texas
resulted in the securing of samples from these two posts under both routine and special training
exercise situations.

-rior to -btaining samples, familiarization with various helicopter fuel systems was accom-
plished at Corpus Christi Army Depot (CCAD), Corpus Ch-isti, Texas wherc. tile fuel systems of tile

UH-I, AH-I, OH-6, and OH-58 were made available to AFLRL technical personnel, and aircraft
drain system operations and mechanisms were explained. Based upon the knowledge obtained
during th:- familiarization exercise, the following technique for sample collection was developed:

(a) Clean around aircraft fuel sump drain to remove al! foreign matter.

(b) Open sample container (525-mI Nalgene linear polyethylene bottle) while in place under
sump drain.

(c) Activate drain as necessary to fill sample bottle.

(d) When bottle is full, place cap on container while in place under sump drain to avoid
in,;'usiotn of foreign material.

(e) Record aircraft registration number, type, sampling point, last aircraft refueling location,
type of refueling, and type of mission flown.

(f) Return sample immediately to AFLRL for analysis.

This sampling technique was the procedure used by AFLRL personnel at all locations.

*Required oordination with iHcadquarters USAREUR.

9



111. LABORATORY ANALYSIS

Lach sample was analyz~ed sequentially as follows:

Step 1. Visual Inispection (stce Figure I) -for a general estimate of' the degree and type of'
Coll tam i nation.

Step 2. Tviidull ('m't (see Figure 2) -a Iighit-scattering technmque for qualiltatilve evaluiat ion oft
particle siz~e distributionl o' suspenided material, A light beanm is projected in to the sam ple thIirough
the bottom of' the sam ple vial. Particle teflecta nec as seen in a darkened room permits estimation of'
particle size and degree of contamination. The type of filtration required can be determinted.

Step" 3. Cascade h'iltrarfiu, (see Figure 3) The total fuel sample is ',iltercd vert ic.illIy through a
stacked Cot01im1l of filter elements of decreasing porosi ty. For those S31nwleIS deMedL reAtativel \ clea1r.
only two porosities. 9 and 0.45 pmll were used: for samoles havin g hipgher par ticidlate contill.n
stacked f'ilters of' 1000. 500, 300, 1021. 52 lo. 8. and 0.4 5 pin were Used. 'Ie 0-11d 0.4 5-pm11 tille0

were cellulose acetate and the others were nyloni niesh.

Step 4. Gravinintric AmduI'sIs (see also Figure 3) -The filters were hieptane rinsed and drycd.
The net weight. increase of each Filter was recorded. This, plus knowledge of each filter's porosity.
resulted in mass distributionl histgramn data for thie select particle size differentials.

Step .5. P/intuniicrograplzic Analysis (see Fitgure 4)- Filter elements were examined uinder a

microscope (2060) and t hose having significant containinant were ifho tograoihed at 4X.

4
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FIGURE 3. C'ASCADL 1:1 LTRATION APPARATUS I1CURF 4. PIIOTOM t(ROGRAPHIIC APPARATUS

Step 6. X-Ray v, luorL'scence AnalysIs
(see rigure 5)-All filters woer subjected to
energy dispersive X-ray fluorescence

~ . analysis (XRF), a nondestruIctive techniqUe
* for cleniental as~say. Virtually all clemients,

~ em can be quantitatively identified by XRF.
Cr a or The significant elewents detected were

iron, alum IiI1until, Silicon, phosphorus, sulfur,
calcium, cliromiLurn. Ititaniumn, copper. and

oil ~zinc. I-rom t he dlistribution of' thecse dcl-
In r Ccillents. estimation of' the ni ineralogical and

metallic mak-eup can be mnade which fauel i-
talc confi rmation by more sophisticatedII IGURI. S. X-RAY I LL0ORI*SCI:NCI: SrI:CTROkII TI:R methods.

Step 7. X-Ray Di~tfraciion - Selected contaminant materials were removed from somic of the
filters and analyzed by X-ray powder diffractornietry. The dilTraction patterns were -.orpared to
ASTM powder data file standards. Compou~nd composition and crystalline structure were then
determined.

*Figure 6 presents a flow schemnatic for the above analysi's seq(uericc.
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IV. RESULTS OF ANALYSIS

J P-4 part icula te co naminmar1s data f'or the several ope rational sites are summarized in Tables 22
thiroughi 13. Lab sample number-s, sample~ dates, and aircraf't/unlit identification are se~lf' xplanatory.
Particuilate concent rat ions (in gra llIS per thousLllind~ gallons)0 have been calculate1d and reported as the
oxides ol, tile metals even thloughi t he element is determined by X-raly Ilu.orescence. Reporting all
iron as FIIO, all silicon as SiO 2 (quartz). all alumiiwnu as Al2

0 3, and all calcium as ('aO is the
only possible way to permit comparison of data to AV-1i-8593 B values.

N umibers inl parentlwsos (30.0, 4.0, and 8.0) it thev bottom of' certain columns represent the
AV-.-85 031B levels tor i roil ox\ides, silicon dioxide. and "road dtluSt" (see Table I )

A. Hood AAF, Fart Hood, Texas (1976)

Prior to part1-6iciatinig inl SCliedutled Army field training exercises, AFL RL person nel took
I1I drain sanmples f'ront iiircrjf't at H ood AAF. Tliese aircraft were eithier used inl routine training
opcrutions withi Second Armnorcd Division stationed at Fort H ood. or wvere tranisienit aircraftl nu1der-
going periodic maintenance. Visuial inspect ion aid subsequtenmt friltra tion and gravimetrie analysis
(see Section 111) showed contamni an t levels (see Table 2) (or all sam ples to be lower thanl
AV-IL-859311 levels, so no cascade filtrations were performed. Ilhils was intended as a lield/lab
I'aililianization exercise as well as to provide initial data.

All aircra I't sam ples were taken at belly sum p dra in points, si ne sampling from other points inl
the aircraf~t would have en tailed dis'assemnby of' in ternal fuell system comlponlents anrd Consequent
interruption of thie air support inission . Alt ISa11111 Nampliles* actuailly represent maximum particulate
contamination accumulated bet ween tire flighit or maintenance sump drain operations.

*B. Oak Grove AAF, Solid Shield, Fort Bragg, North Carolina (11976k

lIn this first sampling f'rom a lorlial exercise, relatively low contamination was founid inl
26 sam ples t'rom active airc raft and 3 sarmiples t'rom niozzle and bladder/sum p drains at the fi xed RuIl
point at Oak Grove AAF (see Taible 3). For this reasonl, rno. cascade filt ration was pertornied.

C. New Mexico ANG Training Exercise, Biggs AAF (1976)

Three samples in T[able 4 (0460, 6476, arid 6486) hiad such liigl'm contaminant concentrations
tllat cascade tilt ration was indicated. D~ata tor thlis antalysis aire given in Table S. These thbree sariipies
were collected f'romi the Biggs (Fort Bliss) AAF un1der-grounld fuel storage complex! Sarmples 6466
and 6476 were obtained with a sampling t hief* t'roni tanks thiree arid five. approximately I inchi
above each tank bottom. All tanks hiad been cleanled arid] filter elements, cllanged Februrary 1976,
some 90 to 120 days, prior to AIZLRL sampling. Sarplpe 6486 was taken immuediately dlownustream
of the f'ilt rat ion systemi serving tan ks 3 and 4 joinltly. Note diat tainks 4 arid 6 center sarmples (647 1
6481 ) hiad f'ar less con tamnirarnt as cornpa red to the other sam pies in Table S. but still had qutite
hligh levels ats cormpared to most aircraf't sam pies. Thie sam plc taken immned iately downstream ol' the
joint tank 5/6 filtration systeml (6493, Table 4) shiowed virtually rio Coritanijillatiori.

lei: tit ilImird; Rr* 111;111 t~rwvrd: Hit miiit Iicr: 1111 iight mir, tNt itt main; RIM right mnin: r: forward. A alt.

1Utlti control of Di)rectmat fl I idlltu%iujl01at p llion Pe'troleumiu, flit. Luibricantt tDIOTOL).
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Contaminant concentration for the five extreme cases (Table 5) are expressed in
g/1000 gallons for consistent comparison to the preceding tables, and particle sivJe distribution in
micrometers (pil)* has been determined by gravimetric and X-ray fluorescence analyses which give
net particulate mass and predonminant elements, respectively. Determination of compound class
from element distribution was quite straightforward. For sanmple 6466, iron compounds comnprised
99 to 100 percent of the muss down to 300 pm, and comprised 80 to 90 percent thereafter to 8 Am.
The balance was silicon, and subsequent X-ray diffraction analysis confirmed that all iron was
" present as Fe2 OA0, F 3 O 4 , or PeO(OII) and all silicon as SiO2 , The same was true for sample 6486,
except that more SiO 2 was present in the 8- to 500-pnm range. Sample 6486 had, in addition to iron
oxides and qluartz, significant anmounts of calcium and alurninuni. Again, X-ray diffraction con-
firmed these elements to be present as calchim aluLinumi silicates (CaAl2 Si 2 0 ), a claylike mate-
rial indigc ous to the southwest United States.

Table 6 presents particulate distribution data for the four aircraft having highest contaminant
levels from the Fort Bliss (Biggs AAF) operation. No mass distribution data could be obtained for
samples 6487 or 64492 since all particulate matter was captured on 8- and 0.45-ptm filters and
consumned for X-ray di[tfraction analysis to deer minc conmpound class distributiion. I1 is significant
thai tihe values frr these sampl~ues approached specification levels and carie ]ronm aircraft having
IC'c(tiv connpleted several NOE uissions ,oir desert ferrahi.

D. BRAVE SHIELD XIV (1976)

All samples for BRAVE SHlIELD XIV were taken at the single fixed refueling point at Yakima
Firing Range, Washington, Data are given in Table 7. Again, contaminant levels for 23 samples from
aircraft belly drains and 3 samples from refueling trucks were found to be below specification levels.

"For this reason, no subsequent gravimetric analysis was deemed necessary.

E. REFORGER, Germany (1976)

Advanced coordination with USAREUR resulted in an AFLRL staff member participating in
this OCONUS exercise. Sonic 38 aircraft bellydrain samples (see Table 8) were taken at several
aircraft deployment positions. In addition. nunerous samples were taken upstream and downstreamn
of individual bladder-filtration units and at exit nozzle points. Since one of thll points of supply
prior to the hardpoint refueling stations was a railroad tank car. it was possible to obtain samples
from the tank car itself and after filtration through the discharge filter separator. Sample 6600
shows a total nonferrous oxide level of 16.566. Of this quantity, 15.806 was found to be composed
of a silicon compound. This was attributable to at single tuft of inorganic material, and cascade
filtration was therefore not required. The source of the tutlt remains unknown: it was downstream
of the filter separator. It is quite likely that subsequent filtration would have removed this item
from the fuel flowstream.

Three aircraft samples, 6594, 6603, and 6614, were found to have sufficiently high particulate
concentrations to warrant cascade filtration and subsequent X-ray difraction analysis for compound
class. These are given in Table 9. For sample 6594 (AH-IG No. 70-16045), it was found that iron
oxide particulates were distributed across the total range of filter porosities. Quartz and calcium
silicates took the fornm of rather fine particles in the 8- to 52-pnm range while zinc compounds (likely
from paint) were in rather large chips of sizes in excess of 1000 pm. For 6603 (OH-58A

• No. 71-20497), enormous qtianto iCs of iron oxides and zinc compotinds of relatively large particle

* Corllonl "y refe'rred ti jIs micronis j).

17



TABLE, S. PARTICULATE SIZE. MASS, AND CLASS DISTRIBU1 ION
FOR BIGUGS AAF UNDERGROUND STORAMr TANK SAMPLES

SEtlinlted particulate L(n1entrtltlo, (to1000 val .

Sampe n.ocation Compound ; 501 0.1000 300-5(110 2.030 52,102= 26.52 8.26 0.45-11

ju l 4 111 lin mill mm min •Mu Mi

ilggs AAF )IO-POI. Iron oxldes' 203 tIt00 58 96 97 85 70 Nil 709

Tank 3 Bottoms Quartzb Nil Nil Nil 8 H 16 13 Nil 45

Biggs AAF IO-)I0POL Iron oxidus"i 991 270) 270 1890 106(41 1040I 196 Nil 5717
Tank 5 Bottom, Quartb Nil Nil 23 154 199 195 37 Nil 8118

Biggs AAF DIO.POI. Iron xildesa Nil Nil Nil 135 9 Nil Nil Nil 144
6486 Nolzz letDwnstream u rtQuar.l 29 142 287 203 13 Nil Nil Nil 674

vrlaTank 304 Filter Caluium
si.-a tc.'c 2 9 19 13 I Nil Nil Nil 44

Bigy. AAF I)IO.POL Iron oxidc:na d d d d d d I d I
Celtur it" Tank 4 Quuttzli d d d d d d 2 d 2

64 7 iC;alclu ii-

silcicalc', d d d d d di I d I

Biggs AAF DIO.POI. Iron oxidesa d d d d i d 8 d 8
Center rlT'Tank 6 Quar t

zb d d d d d d 2 d 2
Calcium
siliht'ilv, d d d d d d I d I

aAs Fe 2 O.
bAs SiO (a.quartz).

As CaAI3 Si2, 0.
IdAll particulate matter collected oil 8-urn filter and consumed during XRD analysis.

I.t
TABLE 6. PARTICULATE SIZE, MASS, AND CLASS DISTRIBUTION

FOR IIGGS AAIF-REFUELED AIRCRAFT SAMPLES

Phl Eslated particulate concentration, g/l 000 gal

Sample Aircraft Compound 111000 500-1000 300.500 102-3010 52.102 26-52 8-26 0.45.8
hn. (unit) class Tolalmill pill Mill Mili l Mill

6496OH-58A. 71-20667 1ron xides Nil Nil 0.18 0.07 Nil Nil Nil Nil 0.25
6 (3id Air Car) Quartz' Nil Nil 0.05 1.15 0.15 Nil Nil Nil 1.35

AiI-IG, 70}-15953l Iront oxides4 Nil 0.02 0.20 0.02 Nil Nil Nil Nil 0.24
Ord AirCav) Quartze Nil 0.27 1.10 0.40 Nil Nil Nil Nil 1.77

AH-IG. 71-20984 b I r oxidesd 9 9 9 9 9 g 1.00 g 1.00

O48 (3rd Air1Cav) Quartz" 9 0.(13 g 10.03
Calciumn"

silicatesf I 9 g g g g 3.94 l: 3.94

AII-IG. 71.20984' Irron oxidesl g g g g 9 9 0.57 g 0.57
6492 (3rd Air Cav) Qtiart! g g 9 g g g 2.27 i 2.27

6492 Calcium

"*ilicalcs g 9 g 9 g 9 g 11.95 g 0.95

aFront Drain.
bAlt Drain.

F'ront Drain.
d As Fe, 0, ,
'As SiO, (a-Quartz).
tAs CaAl, SiO,.

gAll particulate matter culilected (in l-Mnl filter and consumed during XRD analysis.
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TABLE 8. iP-4 PARTICULATE CONTAMINANT CONCLINTRATIONS FOR REFORGER

Pa~rticulate Concentration,it/l 000 gal.u

51111111c Airerit t Aircraft b~t tTo"!~ 1  a n~~rss s lu~iI usno. tog. no. tyllec sl l' Cl Nosnierrou PatcunIlnalte um

6579 71-20142 UII-IlI "A" Co, 5th Trans BItt 0.112 0.854 Nild 0.(026 0.880 01992 RE'
6578 71-201142 Ull-1il "A" Co, Sith Trans (In 04.216 0.()53 Nil (0.039 0.992 1.208 LF
6613 74-22359 U1I-11(I "A" Co, 5th TIrans [in 01.049 Nil Nil Nil Nil 0,049 RE
6612 74-223S9 UII-IlI "A" Co. 5th Trauns tln (4.179 0.8494 Nil 0.122 1.016 1.194 LI.,
6591 69-15369 till-Ill "A" Co. 51 t Traihins 0(.049 K Nil Nil 14.029 11.019 0.127 R F
6500 69-15369 UII-11l "A" Co, 5th Trrans Btn 0.429 1.0)9S Nit Nil 1.095 2.079 LF
6593 69-15S754 UlfII-I "A" Co, Sitl Trans I~n o1.11 I Nil Nil 0.025 01.025 0.136 RI:
6592 69-15754 UII-Ill "A" Co. 5th Trans Bn 41.17 4 Nil Nil 04.042 0.042 0.116 LI;
6586 73-217049 UII-Ill "A" Co. 54Ili Trans lin 44.098 Nil Nil Nil Nil 0.098 R F
658.5 73-21 709 UII-Ill "A" Co. 54th Trin% Hit 04.123 Nil Nil 04.0129 0.0429 0.152 L F
6584 7(0-15798 U1II (I "A" Co, Sill Tratr (4t1 4() 301 4328 Nil 44.445 1.378 1.508 LF
658: 66-19135 C'1-47B4 "A" Co. Sill Trani Hit 04.421) 1.558 04.466 04.151 2.175 2.604 R
6581 06619135 ('114711 "A"-0,. 5414 Tran, Blit 0.186 (4.7') I04.376 41.1 IN 1.284 1.470 1.
65844 67-15721 AllI-I G "A" Co.S511I Tran, B444 [D 2Q47 2'4 1W4.54') 0.~ 1S 5 3.,I,644 1.941 F
6594 704-16045 All-lU "A" Co. ith Vrans tin hligh Paruiculate C'oncentration4, 5ee Table 9 21.550 1.
6,5831 70-IS 238 01l-511A "A" Co, 5thl Trans Ilii (4.47 NIl NIl Nil Nil 0.075
6589 68-16977 011-SRA "A" Co, 5th Trans Birt 14.53 0.47.3 Nil 0.1741 0.643 1.206
6588 67-17672 1411-U)I "B1"Co, 5thI Tran. 1n (4.228 7.1.52- Nil 01.113 7.265 7.493 RjT
6587 67-17672 UII-Ill "BI" Co, 5th Tranls 1H41 1.237 1.899 Nil 1..18 1 .937 2.174 LI;
6595 Pol-Rapld Refill Point "t)" Co. 426 S&S biti (.122 Nil Nil Nil Nil 0.122
6596 Pol-Rapid Refill Point "ID" Co. 4 26 S&S BIn o1.15.1 Nil Nil 0.,043 0.043 0.198
6597 Pol-Ropid Ref'ill Point "D " Co, 4 26 S&S Bit (4.456 Nil Nil Nil Nil 0.056
6598 7G01216 Tank Truck "D)" Co,.4 26 S&S [In 0.068 Nil Nil Nil Nil 0.068
6599 007-0-323-9P Railway 493 S&S Co. 8711h Mainti~ It 010,(2 N11 i 4137 143 .3

tank car
6600 007-0-323-9P Railway 493 S&S (Co,.87tht M-.tint 1444 0.6443 15-9046 Nil 01.760) 16.566 17.249

___________tank car _______________

6601 701-15561 014-58A 175 AvCo, 1st Artm livy 0.3(,0 0.94( 1 0.463 0.107 1.511 1.871
6602 72-21405 011-58A 175_AvCo, 1st Ann D~iv 01.245 __Nil 10ý.46 0.131 0.477 0.722
66031 71-20497 011-58A -25A AsCo, VII Corp% Iligl4 Particulate Concentration. See Table 9 138.900
6604 70-15172 011-SHA 25 Av Co, VI I Cuorps 0(.136 (4.658 0.548I 0.071 1.247 1.383
6606 70-15771 U)I-l1l 251 As Co. VII Corps (Wi8 7 Nil Ni Nil Nil 0.087 RE
6605 70-15771 UII-Ill 25 Av C'o. VII Corps 01.072 Nil Nil Nil Nil 0.072 LF
6611 NK02VN Tank truck 25 As C'o. VI I Corps ((.497 Nil INil Nil Nil 0.097
6610'~ 68-45755 till1-Ill tlll(' 2nd Suppott Coimi 01.114 Nil Nil (.47(4 (0.07(0 0.184 RTI"
6609 68-15755 UII-*Ili HllC 2nd Support Con (4.1095 Nil Nil Nil Nil 0.095 LI:
66448 73-21770 till1-Ill Ill IC 2nd Support Comt ((.096 Nil Nil (0.022 0.022 0.118 RE
66(17 73-21770 Ulf-lIli lllC 2nd Support ('lint 0.141 NilI Nil 04.124 0.124 0.265 LI:
661t8 74-22329 U1I-l11 30th 'Trans C'o (0. 1 2- (1.998 Nil (4.029 4.0(7 1iT179'''" RFi
6617 74-22329 Ull-Ill 30th Trants Co 0-.133 0.836 0.385 0.038 1.259 1.392 LE
6620 65-12773 UI1-1111 30ths Trans Co 0.099 Nil Nil (44168 (1.068 0.167 RF
0619 65-12773 U1I-I11I 30tlh Trans Co ((.085 Nil Nil Nil Nil 0.085 L
6622 69-17126 C1147(' 30tht Tranq Co (0.332 1.153 0.746 0.364 2.264 2.596 Rr
6621 69-17126 CII.47C 30th Transs Co 1.464 5.4313 0.849 14.568 6.8540 8.314 LE
6623 70-I15127 011-58A 30th Trtts C'o (4.093 Nil Nil 0.45 .054 0.147 RF
6615 71-20838' O11l-58A "BI"Trosop 2/li C'O v (. 523 7.6 .5,141 0.485 ) 4.455 5.7
66 14 71-21031 All-IG "C"' Troop 2/17 ('as 111gh Particulate Concentration. ec Tabic 9 54.890

(30.01 (4.0) (8.0) (42.0)

Notes: Numbers in parentheses are designated concentration (I;1l000 p:4) for s C'ciic onsitUenti of AV-li-859311 fluid.
bCalculated as EQ3 .0 SiO, -AI,O, + Cat).
a All particulate matter leis than I~ Own.*
Clotal Non-Fctrous Oxides = Si0, + A13 01 + ('aO.
dNil- Beclow lower limiit of' resolution by X-Ray Fluorescence (<0.00 I I;11000 pal).
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size were found. These were likely f'romi fuel System rust and ingested paint compounds. F'or sample
0614 (AlI-I C No. 71-21031), contamination stemmed both from iron oxides and quartz. The
uniform distribution of both contain inanltS inldicateS that thle Source would be both fuel system rust
and clay or sand-like materials ingested into the fuel s~ stem during refueling or maintenance
operationls.

F. BRAVE SHIELD XV, Eghin AFB, Florida (1976)

Thirty aircraft belly-drain Samples were taken and two samples from tank trucks used to refuel
these samle aircraft (see Table 10). In this operation, 'our individual aircraft (samples 6664, 6665,
6666, and 6667) were f~ound to have signilicant particulate contamination and were cascade
filtered. ltita for these four aircraft are given in Table 11. For sample 6664 (01l-5-8A
No, '70- 15(613), the domlinanit contaminating material was quartz., tho likely source being sand
i 1gest d dluringic. rfueling or maintenance operat ions. Althouigh con tam in ation was somewhat less
lor the oilher three sani ples. the donlin at' on of quartz is Still apparent and is not Surprising because
of' th1C lo6tionl 0i this exercise.

G. GALLANJT CREW, Fort Hood, Texas (1977)

Two of tile 32 aircraft belly-drain samples for this exorcise required cascade filtration (see
Trable 12). At least three other samiples (6897. 6898, and 60901) had total nonferrous oxide cotn-
tainination at a level to warrant cascade filtration. but since nio Tyndall Cone effect was observed.
this could not be ascertalinVd U1161l alter initial filtration. For samrple 6895 (C11-4 ' ?C No, 70-1 5008),
principal contamination Stemmed fronm both quartz, and calcium silicates, indicating a mixture of
Sand and clay fronm outside Sources (see Tfable 13). To a lesser degree iron oxides were present. again
likely fromi tuel system rust. Sample 69)14 (CII-47C No. 70-1 5019) had roughly thle Same relative

F distribution of quartz, calciumi Silicates, and iron oxides, although at a considerably lower level,

Such clay-sand mixtures are indigenous to thle Fort 1-ood area.
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"IABI.I: 12. JPI4 PARTICIULATI" CON i'TAMINANT ('ONCI-NTRA'I'IONS FOR GALLANT CREW I

S, D. A P. I

[0 . 28-71 llil i Ni I 1 l l I lii?? \1'i N f' l 11 -) 117 1 i3t-. U.4L.
%i -~ .'H.77 Illtlade N.' J1311.,7171171\1 11 MN N il Nil Nil Nil 0.108

IxMii 12 7. 17 11 ii..dMk N.. 4 1 
3
11i CO(' 0\13 I ull Nil Nil Nil IN It11077

1.111 W.177 l,,lld , N-' 4. 111, OKI Oki Nil Nil Nil Nil N il NI:
S.. .. / ....7 ' I "llild, N.' I I ti 09" Ok, 1 3, Nil Nil Nil I W Nil Ni., ,,_.

M21411 17 1I.3Ol Ill11 Mll, h-,113 1ii 4 11111 114611 Nil Nil 111 460 o i 50-

i 1o~ 1 71 711222.Ill1 [1 1111 0, 1ii 0i ' 211 1 Nil ',il 071 190 1ii 1

, ms 1 I-21 1- .11.4 I.I If ill HI I I N .i. NII.I1 .
I.111 3.---7'• 6) 1511111 IlI ll] 1111 I 1, ,-p,' il7 U Nil Nil Nil I Nil Ni I Il II
3,661 7 W.2 . 1 • 0 . . 1131 11lll,,11 1 C1 I I lh ' 711O 1. iii11of, N'il Nil Nil Nil 0-33167 I-.

(,Hill,. LI~M-17 71l.20223 01'-1l1 1111C]n q,7 17 Ca, ~ 0i 1122 01.6,11S 03.111 if t ? 1 1)413 2.1335 IT1"6111 1 3'2'9-77 71-23 ,22 , , lI1-11 I1 ,, It3 .1 7/,11 D 152 ii 1,i 321 3 J 0.2142 1 2p . Lis,5 III.
l.1"11 1 1.77 Ill6 15371 1:,, ANA lot li d'. I %il Cai 1 .i 31115 Sly i .14 , 0..' 1 (13 I, , .. - L 2LL , . .

3.11 .1 71 7 111 Sil 11 I1.47C "U Co. ý4311 ilt6 (l'~ 11 II(14 17 31 1192') (11114 2 37l6 xi Iil
' .1 i -21.-71 5 1I4 h I]I Ill 7.., . 'I; A I 71 31.211 / Ni'L N1i 332111 41 I7IU
(.117 3.21177 3- 15t1111 1111 I ll I i-l1 . 641I 11 (3.5511 I il.' Nil Nil 1)i 2,116 I.

.'s i 321X.171 1I11 27 1 Ml 11 -47XU. " 1- 4311i So(i ( t11 High1 5i 4'Iclat 2o mo.242 o ii t- ii33 lAI 1L1.801 IT-
61131,1 32S7.I 7(LI 533Ž1 U (1417C 1"II 1.. 34111iSI'i 34(4 II I 4355 115 h 3 7311 N1111 3 1 140 21-13 RI-

6,941l 1.21. 11 7G 1 512Sl ( 11147C "11 ,- 34711, Sil 34 1 i'. 1h07 Nil Nil Nil Nil 3 1'13 LIt

1 / 3.211-.77 10 15125 ('11-47A . II' li. 141il1 Sill 3...1 . ( 111 2.461212 NI l 1.291 |!35LL 1 311,64 11M-
WI ll I .211.77 71.1 1 2 [,(Q (11.37C 'l , 14101 Silt (,A1('( 1 h1,3 5 46i0. 16.14 2741.31 141 101.452 1I.
1.912 , .3- 1 -I 5112 41 1 ' '17'' ( illi SjI 6A7'11 it354 I 01h45C 1, 44 3.265 331 .3 61l'F 1,01•1 .129-77 1I.4101H14 I'll-Ill S2811i l 1..i1i . li ll).\ 5IOS \ 1 11 37 5. Nil Nil Nil Nil 1ni3.1. I
WA1l 3.2l ) 17 it- Mi,- 11,1'111 I-IlIll 

1 1
1" '1i 1. 3ll1.1tA 0\ 1 3 1l23 11 i ll 11- N I Nil 0.111 (1.2.14 I.

I 111 :.•29.11 31-1621.11 I I'll-l. - 7.I('' i Nl h 111,167 Nil i -Nil Ni l NilI. II"1 06"" 321.19'77 711 11,2i5 Ill-Ill lh2 A,i li17\1) I(1 W14) Nil Nil Nil Nil 0111131 RI
I i 1 .7 1• )7 ", b .If16614 l 'll-lll li.2 A,7. (• . 11) 31-3,3 11o14fA Nil (115 . I 3 f 1 1.461 I1-
f61 3-2, l, 1 4 il-Ill 162 ,A, (¾ t -"llI . 1 271 11 246 Nil Nil 11241. 24.63 R1.
6'II i'l 1.2'1? ,.11li,,27 I'll.-Ill 2ii2 J ' " 1, In \1113 I Nil NI Nil Nil t11 l.I.

-,,ll 32 1 t• 3 1 Ill Ill 2,A,,,(110 ii.. NI Ni l i N1il ,i,, -I
S- . . . ..]- -+ + +: ' "[ '"+ I''''• I ... N•.., •, , j - -- 4 .... ____. ____W,111 1 I'"U I I II ... I I lIXilh 11u1 11 , Nil NI ,Nil Nil I 116,3

12'1 -i PSI 1, ,I , n lt li 11I611. 17Ni•- l'+Nil\Nil N il Nil 1 7,'.ink

... " I ." 'I 31"" I ,"i. , Ii. i'6i1. 1"."6 """ 3.1.... Nil Nil Nil N.... i l I .. '1111, ". i' i

ill 12.1I.77" I"i1'i""I 111-"3 I II' " l""'",' 1 u1.7ll Ii ....3 jI1"1211 i-'21 1373. 2 I lls j :-.1"'l II
S11 3431 3 111 142 1I

L- .dDN,•lh Q%. o ,,(, No, Niil Ni r .1 fill'l

I i~l•'i ILII• ~h" IIi I7 111.V 11 liiiI

I.-I --I ýo, I'..i t . Sil4, I .VI 13, . .- 2 
1 1

[~ ~ ~ ~ ~ ~ ~ ~~~1( (11 4 0M IN o'f' W211 , if).~hl \•'{, llLi•.l'' I •IllIl0 '

Ii
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V. DISCUSSION

From the preceding data, it can be seen that (a) the vast majority of all aircraft sump drain
samples contain nowhere near the concentration of the particulates specified by AV-E-8593B, but
(b) an unexpectedly high number of aircraft samples (roughly 7 percent) plus numerous points in
the refueling systems showed concetitrations far exceeding those specified for this package. The fact
that drain samples taken from operational Army aircraft contained concentrations of the same
order as a test contaminant package criticized for its severity must be placed into proper perspec-
tive. These samples were (a) taken from the lowest point in the aircraft fuel systems, (b) upstream
of on-board aircraft fuel filtration elements, (c) cumulative in the sense that most residual
particulate matter will settle to the drain area over a period of time, and (d) calculated as oxides of
the elements identified (IFc 2 03., SiO 2 , Al20.1. CaO) as opposed to costly quantitative analysis
required for identification of clay-like compounds.

For the above reasons, the data as presented represent a worst possible case with respect to
comparison to specification values. It can be properly argued as to whether any of the contaminants
as identified by stamp drain would pass through on-board filtration systems and, even if this
occurred, would result in significant, cumulative damage to the powerplant system. It must be
presumed that such abrasive contaminants as quartz (SiO 2 ) could cause significant fuel pump wear,
malfunction of close-toleran,-e servo-valves, and degradation/failure of miniature bearings. The
effect of less abrasive calcium aluaninum silicates (clays) must be assumed to be minor with
respect to wear and abrasion, but would contribute to degradation of precision components. Iron
oxides are relatively less abrasive than quartz bUt could contribute to wear and system malfunction.

Probably the most important fact uncovered by this investigation is that significant quantities
of the exact elements and compounds as specified in AV-E-8593B were, in fact, found in on-board
"aircraft fuel systems even though this fuel had been subjected to the extensive upstream filtration
prescribed for Army aviation fuel supply.

2i
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VI. ARIZONA ROAD DUST COMPOSITION

Coarse Arizona Road Dust (A.C. Spark Plug Co. Part No. 1543637) is a component in the fuel
contamination package used to meet AV-E-8593B specifications (see Table 1). This dust has
traditionally been reported to be composed of:

4 ±t I% Fe2 O 3
(68 :± I% SiO 2
16± I% A12 0 3
3± 1% CO
I - I%MgO

Since several field samples had been found to contain both the above compounds and more
complex clay-like materials, a separate study on Arizona Road Dust composition was undertaken.
Different batches of AC dust were obtained and analyzed by X-ray fluorescence spectroscopy. The
results obtained arc compiled in Table 14.

One batch (Lot No. C-306) was separated by particle size, and each particle range analyzed by
X-ray fluorescence for elemental content. These results are shown in Table 15.

X-ray diffraction data for mineralogical species was also obtained on Lot C-306, The diffrac-
tion data and the X-ray fluorescence data permitted the calculation of minerological composition.
TThe results showed the test dust to be composed of:

72% Ca(Mg). 2 i Na.7 7 AISi 2 .77 08 (a plagioclase feldspar),
20% SiO 2 (a-quartz), and
8% Fe 3 04 (magnetite).

TABLE 14. X-RAY ILUORI'SCINCI" ANALYSIS OF '/ARIOUS LOTS OF AC TEST DUST

Lot No. % Al % SI % Ca % Ii % Fe Remarks

F-049 6 8 26 8 (0S 0.3 2.1 F indicates "Iine"
F- 138 7.7 30.1 0.8 0.2 2.1
C-306 6.9 294 1 2 0.3 2.2 C ii,diaies "'coarse"

('-349 7.8 32.0 1.1 0.3 2.2
C-362 6.9 280 1.1 0.3 2.2
C.364 6.8 27.9 [ 0 0.3 2.2
C-387 6.8 28.4 .. 8 0.2 1.8
Mean 7.1 28.9 1.0 0.3 2.1
As Oxides 13.4 61.8 1.4 0.4 3.0
Reported values 16 1 I 68 ± I 3 i I Nol reported 4 ± I

"I'ABtI- 15. X-RAY ANALYSIS OF VARIOUS SIZ"I) PARTICLES
OF AC TEST DUST. LOT NO. C-306

Particle
%icl a T, Al % Si % C.; % Ti % Fe Remarks

Si/Re, pi SamIpl•_•

>50o( 0.3 InwuCficient sample
506'-300 0.3 Instiff lent sample +

300-102 19.0 4.4 18.8 I 0 0.3 (.8
102-53 40.4 5.2 21.01 ((.3 1.6 2
52-26 26.0 5.7 25 6 I.! 0.2 1.5

<26 15.01 3.8 171) ( 2 0.2 1.1 A
100.0
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lIGLJRI: 7. SCANNING 1-1.1-CUR)N P11t0I()NtIH0(-1 RAI' OF~ 26- VD)52-Amiii
orTIIT 01:. ARIAt 1tr(~li~~ ,tt 5)

To Verify this Coni)posit ioiiall Ce jicsion, a sanipie ol' Ithe 20- to 5 2-prin sized test dust from Lot
No. (C-306 was examioied unider a scanning electron microscope (Sl:N1 ). Thre total image is shown inl
1'igttre 7. lThe crystailograplite Corni1 of' the ~ltitlosi Ieet.1rnguiIar pail-liH ill thle Lapper. right qutadIrant
appears to ble different f'ront 1that ott1 he11 otiemrge particles. Ini hie SIAI process, X-rays tire emitted

1'o l reas of h apc ns - aysia leatiye 101 eUrg4y distribuition, and the sample
can be mapped Ior elemental contentl. Sluch Oellen imntnps were obtained l'oi silicon and aluiminum.
Trile mallI silco siniM~ ha ile.-lce conowijud siliconl. However; thev map f'or aliintniitm

01nio1in1tS01 aILlourinmtll an d1;11o tile otlier puirt ids. ThIis indicates that this pat~ccnains both
siliCOnl a~ld ijii arid jsý Chelllnc;11 il'I'viit heOMil gl-7Wih
(Itrart/.. stIpport1S thle V~IA\' (tittix'dItiOli data Wh~ich ird cat a Iiximoii ot' mncinal types present
ill tile test dust.I.Th JmConcluasions~ drawn t~rtiii t1h1S Srildv are th,1t

()the A.C. Test D~ust is relatively 111111t01.11 a ilpOM)SItiOir OVLr the. ViariOUS parllticle sizC
ranges exairi jneil and

(2) that A.C. Test Dust is not ai iulixittlr ut metal o\4des ais corummonly believed bill is a
mfixturre oh, [Ii-cc iii ierall species.

These inalscis(ur..plagioclase, ;iid 1utagnectite h lave' signi heal) I ly diTterelit properties both
from11 One anlother and ti'-our thle IpropertieS 01'ftile t11ucta oxides t\pc Vi slekd. IThese mineral species
aire. inl two ouit O three caseS Miat/ad nagneI'ltite) I. cdruit1;1nt with oi1ie1 Cor11)IponetS 01' thle fuLel
coil tamiinan t package f'or A V-[:-8.S 3 13 en wile Cor1ponlen t qtiralit'icaltloi testinig. 'Ilre plagioctase coml-
ponlent is sol't anid world not tahrad' thie t'erroils metals ill a riet system as would quIarttz. The plagio-
clase thus con tribiites no0 seven t to ttile test. As a reSU~ti t i i A.( . Test O ust reail l eon tributes nloth-
ing to Ohe test that the other cotillo~nits o1 tOle test pac-kage dto tnot alre~idy accomplish.

It is interesting to nowe that1 X-ray dilT'raction st idjes ol-severatl selected samuples obtained inl thle
fivld trom fuel tainks showed thie inaemiail to he simuilar in comn ost ion to the test package inl that
oxides of' iron. quartz. and mineralls inl thle plagio)Clase feldspar tammiji were idemitt Iitd t'or example,
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see Tables 5 and 6), Thlrefvre, the test package does Indeed resemble the types of contaminants
found it the .PeNd but Is redundan: li some of its compotents and contains somne material which
would not stress a candidate gas turbine enlgine component.

i-t
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VII. CONCLUSIONS

Specific conclusions which can be derived from this program are:

(1) The same contaminants as specified in AV-E-8593B are encountered in field Army
aviation operations.

(2) These contaminants are encountered at levels approaching or exceeding AV-E-8593B in a
disproportionately high incidence.

(3) For the above reasons, the contaminant package in AV-E-8593B is valid for the purpose
of accelerated qualification testing of fuel system components.

It should be noted and emphasized that all the aircraft included in this program had been
operating satisfactorily, probably due to on-board fuel filtration systems. The utilization of this
contamirniant package for test fluids in AV-E-8593B has undoubtedly benefitted Army aviation flight
safety and maintenance.
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APPENDIX A
FILTRATION PHOTOMICROGRAPHS FOR NEW MEXICO ANG

TRAINING OPERATION
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APPENDIX A-i
CASCADE F ILTRATION PHOTOM ICROG RAPHS

SAMPLE NO. 6466

Biggs AAF Tank 3 Bottoms
(See Table 5)
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APPENDIX A-2
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6476

Biggs AAF Tank 5 Bottoms
(See Table 5)
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APPENDIX A-3
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6486

Biggs AAF Tanks 3/4 Nozzle (After Filter)
(See Table 5)
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APPENDIX A4
8-pm FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6471
(Center of Tank 4)

and
SAMPLE NO. 6481
(Center of Tank 6)

Biggs AAF
(See Table 5)
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APPENDIX A-5
CASCADE FILTRATION PHOTOMICHOGRAPHS

SAMPLE NO. 6496

OH-58A, 71-20667
(See Table 6)
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APPENDIX A-6
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6499

AH-1G, 70-15963
(See Table 6)
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APPENDIX A-7i 8-prm FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6487

(AH-1G, 71-20984 Aft Drain)
and

SAMPLE NO. 6492
(AH-1G, 71.20984 Front Drain)

Biggs AAF
(See Table 6)
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APPENDIX B
FILTRATION PHOTOMICROGRAPHS FOR OPERATION REFORGER
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APPENDIX 8-1
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6594

AH-1G, 70-16045 Front Droin
(See Table 9)
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APPENDIX B-2
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6603

OH-58A, 71-20497
(See Table 9)
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APPENDIX B-3
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6614

AH-11G, 71-21031 Front Drain
(See Table 9)
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APPENDIX B-4
8-pum FILTRATION PHOTOMICROGRAPHS

RE FO RGER AIR CRAFT

(See Table 8)
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APPENDIX B-5
8-pm FILTRATION PHOTOMICROGRAPHS

REFORGER-FUEL SUPPLY POINTS

(See Table 8)
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APPENDIX C
FILTRATION PHOTOMICROGRAPHS FOR OPERATION BRAVE SHIELD XIV
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APPENDIX C-1
8-am FILTRATION PHOTOMICROGRAPHS

BRAVE SHIELD XIV-AIRCRAFT

(See Table 7)
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APPENDIX C-2
8-pm FILTRATION PHOTOMICROGRAPHS

BRAVE SHIELD XI V-TANK TRUCKS

(See Table 7)
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APPENDIX D
FILTRATION PHOTOMICROGRAPHS FOR OPERATION BRAVE SHIELD XV
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APPENDIX Di

CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NOý 6664

OH-.58A, 70.15613
(See Table 11)
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APPENDIX D-2
SAMPLE NO. 6665

OH.SBA, 72.21 194
(See Table 11)
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APPENDIX D.3
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6666

OH-58A, 70-15150
(See Table 11)
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APPENDIX 0-4
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6667

OH-58A, 69-16096
(See Table 11)
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APPENDIX D'5
8-prn FILTRATION PHOTOMICROGRAPHS

BRAVE SHIELD XV-AIRCRAFT

(See Table 10)
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APPENDIX D-6
8-/um FILTRATION PHOTOMICROGRAPHS

BRAVE SHIELD XV-TANK TRUCKS

(See Table 10)
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APPENDIX E
FILTRATION PHOTOM IC ROGRAPHS FOR OPE RATION

GALLANT CREW
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APPENDIX E-1
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO, 6895

CH-47C, 70-15008 Left Front Drain
(See Table 13)
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APPENDIX E-2
CASCADE FILTRATION PHOTOMICROGRAPHS

SAMPLE NO. 6914

CH-47C, 70-15019 Right Front Drain -

(See Table 13)
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APPENDIX E-3
8-pum FILTRATION PHOTOMICROGRAPHS

GALLANT CREW-AIRCRAFT

(See Table 12)
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